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© Digital automatic gain control. 
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© There is provided a method of digital Automatic 
Gain Control (AGC) in a receiver having limited dy- 
namic range, particularly for discontinuous signals. 
The method is characterized by detecting the level 
of a received and AGC'd discontinuous signal, com- 
paring the level of the AGC'd signal relative to the 
dynamic range of the receiver, and adjusting the 
AGC to establish a desired relationship between the 
AGC'd signal and the dynamic range limitation. 
O There is also provided a method of handoff in a 
J^TDMA cellular-type transmission system utilizing this 

method of AGControl. 
JT The method for Automatic Gain Control (AGC) of 
(V) discontinuous signals in a receiver having limited 
dynamic range, is further characterized by: digitizing 
®(A/D) a received and AGC'd discontinuous signal 
^and converting the digitized samples to a power 
UJ sample to sense the power of and detect the level of 
the signal, comparing the level of the AGC'd signal 
relative to the dynamic range of the receiver; and 



coarsely-adjusting by either progressively attenuat- 
ing the signal until it falls within the dynamic range 
of the receiver or by progressively gain-amplifying 
the signal until it falls within the limited dynamic 
range of the receiver and finely-adjusting the AGC of 
the received signal until optimum use of the full 
(albeit limited) dynamic range of the signal process- 
ing stages is about 6-12 dB below maximum to 
establish a desired relationship between the AGC'd 
signal and the dynamic range limitation. 
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DIGITAL AUTOMATIC GAIN CONTROL 



The Field of Invention 



This invention is concerned with digital auto- 
matic gain control. More particularly, this invention 
is concerned with Automatic Gain Control (AGC) for 
discontinuous signals in a receiver having limited 
dynamic range. 



Background of the Invention 



Although the concept of Automatic Gain Con- 
trol (AGC) in radio signal reception is well under- 
stood, automatic gain control of Time Division mul- 
tiplexed Multiple Access (TDMA) signals presents 
new challenges to the land-mobile industry. 

In wideband TDMA systems, such as the cel- 
lular system proposed for use in Europe, an RF 
channel is shared (time-division-multiplexed) 
among numerous subscribers attempting to access 
the radio system in certain ones of various time- 
division-muitiplexed time slots. The time slots are 
arranged into periodically repeating frames. Thus, a 
radio communication of interest may be periodi- 
cally discontinuous —interleaved with unrelated sig- 
nals transmitted in other time slots. The unrelated 
signals (of widely varying strength) must not influ- 
ence the gain control of the signals of interest. A 
formidable challenge then is to provide Automatic 
Gain Control of these periodically discontinuous 
TDMA signals. 

The challenge is further enhanced by attempt- 
ing to provide digital AGC in inexpensive receivers 
those having limited dynamic range. Since these 
signals may vary by as much as lOOdB in the land- 
mobile environment, but modest 8-bit Analog-to- 
Digitai converters (A/D) for digital signal processing 
are limited to 48dB dynamic range, techniques 
must be developed for controlling the gain of the 
signal to keep it within the limited dynamic range 
of the receiver. The challenge then is to handle a 
100dB discontinuous signal with a 48dB device; 
otherwise, prohibitively expensive A/Ds with greater 
dynamic range must be utilized. 

Another challenge for gain control is introduced 
by the digital nature of these TDMA transmission 
systems. Gaussian Minimum Shift Keying (GMSK) 
modulates the quadrature phases of the signal 
such that the power of the received signal is more 
difficult to measure, and neither of the quadrature 
phases, taken alone, is proportional to the received 
signal power. 



This invention takes as its object to overcome 
these challenges and realize certain advantages, 
presented below. 

5 

Summary of the Invention 



In accordance with one embodiment of the 

10 invention, there is provided a method of digital 
Automatic Gain Control (AGC) in a receiver having 
limited dynamic range, particularly for discontinu- 
ous signals. The method comprises detecting the 
level of a received and AGC'd discontinuous signal, 

r5 comparing the level of the AGC'd signal relative to 
the dynamic range of the receiver, and adjusting 
the AGC to establish a desired relationship be- 
tween the AGC'd signal and the dynamic range 
limitation. There is also provided a method of han- 

20 doff in a TDMA cellular-type transmission system 
utilizing this method of AGC control. 

The method for Automatic Gain Control (AGC) 
of discontinuous signals in a receiver having limited 
dynamic range is further characterized by: digitiz- 

25 ing a received and AGC'd discontinuous signal and 
converting the digitized samples to a power sample 
to sense the power of and detect the level of the 
signal, comparing the level of the AGC'd signal 
relative to the dynamic range of the receiver; and 

30 coarsely-adjusting by either progressively attenuat- 
ing the signal until it falls within the dynamic range 
of the receiver or by progressively gain-amplifying 
the signal until it falls within the limited dynamic 
range of the receiver and finely-adjusting the AGC 

35 of the received signal until optimum use of the full 
(albeit limited) dynamic range of the signal pro- 
cessing stages is about 6-12 dB below the maxi- 
mum to establish a desired relationship between 
the AGC'd signal and the dynamic range limitation. 

40 

Brief Description of the Drawings 



45 Additional objects, features, and advantages of 

the invention will be more clearly understood and 
the best mode contemplated for practicing it in its 
preferred embodiment will be appreciated (by way 
of unrestricted example) from the following detailed 

so description, taken together with the accompanying 
drawings in which: 

Figure 1 is a simplified block diagram of the 
invention. 

Figure 2 is a functional block diagram of the 
preferred embodiment of the invention. 
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Figure 3 is a diagram of the AGO control 
process according to the invention. 

Figure 4 is a simplified diagram of an al- 
ternate embodiment of the invention. 



Detailed Description 



Figure 1 is a simplified block diagram of the 
invention; it illustrates gain control in a digital 
quadrature receiver. It illustrates, in series, an RF 
receiver section (IF), a quadrature demodulator 
(l/Q) having In-phase and Quadrature phases, 
Analog-to-Digital converters (A/D), a Digital Signal 
Processor (DSP), and a Digital-to-Analog converter 
(D/A) providing Automatic Gain Control (AGC) to 
the receiver section (RF/IF). 

In operation, the signal is received, converted 
to an intermediate frequency and gain amplified in 
the receiver section (RF/IF); quadrature demodu- 
lated (l/Q) into In-phase and Quadrature compo- 
nents; digitized in Analog-to-Digital converters of 
limited dynamic range (A/D); and converted to a 
power sample in the Digital Signal Processors 
(DSP) to detect the level of the signal. In the Digital. 
Signal Processors (DSP), the signal level is com- 
pared relative to the dynamic range of the receiver, 
and the AGC is adjusted in the Digital-to-Analog 
converter (D/A) to establish a desired relationship 
between the AGC'd signal and the dynamic range 
limitation of the receiver. 

More concretely, the power level of the AGC'd 
signal is compared relative to a desired power level 
in the stage having the dynamic range limitation. 

Figure 2 is a functional block diagram of the 
preferred embodiment of the invention. Figure 2 
illustrates, in line, an RF receiver section (RF/IF); a 
quadrature demodulator (l/Q) having In-phase (I) 
and Quadrature (Q) phase mixers whose outputs 
are Low Pass Filtered (LPF); and, under Direct 
Memory Access control (DMA), 8-bit Analog-to- 
Digital converters (A/D), tri-state gates, Random 
Access Memories (RAM), and a 56001 Digital Sig- 
nal Processor (56001 DSP); and a latching Digital- 
to-Analog converter (D/A) providing Automatic Gain 
Control (AGC) to the receiver section (RF/IF). This 
GMSK receiver is comprised of a conventional RF 
stage, mixing and filtering that feeds a 10.7 MHz IF 
signal to a conventional AGC-type IF amplifier (IF), 
such as a Motorola MC1350. The IF amplifier feeds 
a conventional l/Q demodulator comprised of a 
10.7 MHz local oscillator, a 90 degree phase shift- 
er, a pair of mixers and a pair of low pass filters 
(LPF). The 8-bit flash A/Ds, such as RCA 

/-» a 0/^CT»— A OA Q /~s4 Ax <rt«sr»i^ >"5rtna -ar»H 
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are, in large part, responsible for the dynamic 
range limitation of the receiver. A Motorola 56001 



Digital Signal Processor (56001 DSP) is used for 
signal acquisition, signal level detection, and AGC 
control. The 56001 DSP is supported by conven- 
tional clock and timing circuitry (not shown) and 
5 ROMs for programmed control (not shown). An 
Analog Devices 7528LN is suitable as the latching 
Digital-to-Analog converter (D/A) that provides 
Automatic Gain Control (AGC) to the receiver sec- 
tion (IF). 

w The receiver operates in a TDMA system hav- 

ing 8 time slots in each 4.8 millisecond frame; 135 
kilobits/second are transmitted in each quadrature 
phase. In operation, for each time slot, a retained 
previous AGC setting is fetched (DMA) from mem- 

15 ory (RAM) through the Digital Signal Processor 
(56001 DSP) and applied to the Digital-to-Analog 
converter (D/A), providing Automatic Gain Control 
(AGC) to the receiver section (RF/IF). The received 
signal, after being gain-controlled and quadrature- 

20 demodulated is digitized by the Analog-to-Digital 
converters (A/D) to provide multiple pairs of sam- 
ples per bit interval, which are stored in memory 
(RAM) under Direct Memory Access control (DMA) 
of the tri-state gates. The samples are retrieved 

25 from memory (RAM) and converted in the 56001 
DSP to a power sample by summing N pairs (32 to 
128 pairs in the preferred embodiment) to obtain a 
Q value and an i value, and taking the square root 
of the sum of the squares of the Q and I values. 

30 The square root is proportional to the average 
power of the received signal (an instantaneous 
power sample from a single pair cannot be reliably 
obtained due to the variability in the received signal 
strength). A preferred alternative measure for the 

35 power sample may be obtained by simply sum- 
ming the squares of the Q and I values. 

Again, more concretely, the power level of the 
AGC'd signal is compared relative to a desired 
power level in the stage having the dynamic range 

40 limitation. Thus, to prevent short-term saturation of 
the 8-bit Analog-to-Digital converters (A/D), the 
AGC wants to establish and maintain the level of 
the AGC'd signal at a nominal level of about 6- 
l2dB (9dB in the preferred embodiment) below the 

45 maximum output of the A/D. 

Figure 3 is a diagram of the AGC control 
process according to the invention. 

The basic control process is to: 
detect the level of a received and AGC'd dis- 

50 continuous signal, 

compare the level of the AGC'd signal relative to 
the dynamic range of the receiver, and 
adjust the AGC to establish a desired relationship 
between the AGC'd signal and the dynamic range 

55 limitation. 

The average power ; as measured above, is 
then subtracted from a power level representative 
of the desired nominal level (or 9dB, hereinafter 
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given as Odb reference) to calculate the power 
error. This calculated power error is further factored 
by an adjustment that compensates for the overall 
loop gain characteristics, resulting in an AGC Error 
(AGCE). If the AGC Error (AGCE) is within the s 
margin below full output (9dB), then the prevailing 
AGC setting (Filtered AGC Number - FAGCN) is 
finely-adjusted by the amount of the Error (AGCE). 
If the Error is greater than the margin (9dB) but 
inside the dynamic range of the A/D (48dB - 9dB 10 
= 39dB) t then adjust by the amount of the Error 
(AGCE) plus slightly more than the margin (9dB + 
1dB = 10dB). If the Error falls below the dynamic 
range of the A/D, then coarseiy-adjust by the 
amount of the dynamic range (48dB); if the Error is 75 
above the dynamic range, then adjust by slightly 
more than the margin (9dB + 1dB = 10dB). 
Finally, the current Error calculation and the pre- 
vious gain setting (FAGCN) become the inputs to a 
digitally recursive infinite impulse response low 20 
pass filter (which is well understood by those or- 
dinarily skilled in the art) to derive a new Filtered 
AGC Number (FAGCN). Thus, the signal is pro- 
gressively gain-amplified (or gain-attenuated) until 
the signal falls within the dynamic range of the 25 
A/Ds and is further amplified (or attenuated) until 
optimum use (with appropriate margin) of the full 
(albeit limited) dynamic range of the A/Ds is ob- 
tained. The result of these various approximations 
for a plurality of TDM time slots may then be 30 
retained in memory (RAM) for resuming AGC con- 
trol when the respective signals are expected to 
resume. 

Furthermore, as these various gain calculation 
results are representative of the actually received 35 
signal strength (with appropriate compensation for 
overall loop gain characteristics), these gain deter- 
minations can be reported to the transmitting sta- 
tion for purposes of establishing transmission gain 
levels that optimally utilize the dynamic range of 40 
the receiver, thereby increasing spectral efficiency 
and frequency reuse in the system -- particularly 
cellular systems. Moreover, in a cellular-type sys- 
tem, the signal strength (gain determination) may 
be reported to the transmitting station by the re- 45 
ceiver and hand off the transmission when the AGC 
adjustment crosses a certain threshold. Also, the 
signal strength (AGC level) of an adjacent cell (time 
slot) can be determined and evaluated to facilitate 
hand-off. 50 

Figure 4 is a simplified diagram of an alternate 
embodiment of the invention. It illustrates an analog 
implementation of Automatic Gain Control that uti- 
lizes a power averaging circuit and comparator to 
implement the control process of Figure 3, de- ss 
scribed above. The power averaging circuit is well 
known by those ordinarily skilled in the relevant art 
and can readily be adapted to conform to the 



control process described above. 

In summary then, there has been provided a 
method of digital Automatic Gain Control (AGC) in 
a receiver having limited dynamic range, particu- 
larly for discontinuous signals. The method com- 
prises detecting the level of a received and AGC'd 
discontinuous signal, comparing the level of the 
AGC'd signal relative to the dynamic range of the 
receiver, and adjusting the AGC to establish a 
desired relationship between the AGC'd signal and 
the dynamic range limitation. There has also been 
provided a method of handoff in a TDMA cellular- 
type transmission system utilizing this method of 
AGC control. 

The method for Automatic Gain Control (AGC) 
of discontinuous signals in a receiver having limited 
dynamic range has further been characterized by: 
digitizing a received and AGC'd discontinuous sig- 
nal and converting the digitized samples to a power 
sample to sense the power of and detect the level 
of the signal, comparing the level of the AGC'd 
signal relative to the dynamic range of the receiver; 
and coarsely-adjusting by either progressively at- 
tenuating the signal until it falls within the dynamic 
range of the receiver or by progressively gain- 
amplifying the signal until it falls within the limited 
dynamic range of the receiver and finely-adjusting 
the AGC of the received signal until optimum use 
of the full (albeit limited) dynamic range of the 
signal processing stages is about 6-12 dB below 
maximum sensitivity to establish a desired relation- 
ship between the AGC'd signal and the dynamic 
range limitation. 

While the preferred embodiment of the inven- 
tion has been described and shown, it will be 
appreciated by those skilled in the art that other 
variations and modifications of this invention may 
be implemented. For example, this invention need 
not be limited to TDMA land-mobile systems, but is 
adaptable to AGC of digital and analog signals, 
including AM, FM or TV signals. 

This discussion presupposed that the A/Ds pro- 
vide the most severe constraint on the dynamic 
range of the receiver; however, this invention is 
equally applicable without regard to the particular 
stage providing the most severe constraint on the 
dynamic range of the receiver. Accordingly, all 
discussion has been framed in terms of the limited 
dynamic range of the receiver. 

These and all other variations and adaptations 
are expected to fail within the ambit of the appen- 
ded claims. 



Claims 

1 . A method of Automatic Gain Control (AGC) 
for discontinuous signals in a receiver having limit- 
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ed dynamic range characterized by: 
detecting the level of a received and AGC'd dis- 
continuous signal (Fig. 4: AVG PWR), 
comparing (Fig. 4: REF) the level of the AGC'd 
signal relative to the dynamic range of the receiver, 
and 

adjusting the AGC (Fig. 3) to establish a desired 
relationship between the AGC'd signal and the dy- 
namic range limitation. 

2. A method as claimed in Claim 1 above, 
wherein adjustment is characterized by: coarsely- 
adjusting the AGC of the received signal until the 
signal is present within the limited dynamic range 
(Fig. 3). 

3. A method as claimed in Claim 2 above, 
wherein coarse-adjustment is characterized by: 
progressively attenuating the signal until it falls 
within the dynamic range of the receiver (Fig. 3). 

4. A method as claimed in Claim 2 above, 
wherein coarse-adjustment is characterized by: 
progressively gain-amplifying the signal until it falls 
within the dynamic range of the receiver (Fig. 3). 

5. A method as claimed in Claim 2 above, 
wherein adjustment is characterized by finely-ad- 
justing the AGC of the received signal until opti- 
mum use (with appropriate margin) of the full 
(albeit limited) dynamic range of the receiver is 
obtained (Fig. 3). 

6. A method as claimed in Claim 5 above, 
wherein the appropriate margin is about 6-12 dB 
below the maximum capability of the receiver. 

7. A method as claimed in Claim 1 above, 
wherein signal strength (gain determination) is re- 
ported to the transmitting station by the receiver for 
establishing transmission gain levels that optimally 
utilize the dynamic range of the receiver. 

8. A method as claimed in Claim 1 above, 
wherein the discontinuous signals are time slots in 
a TDM system. 

9. A method as claimed in Claim 8 above 
wherein the respective AGC levels of a plurality of 
time-discontinuous, but periodic, signals are estab- 
lished. 

10. A method as claimed in Claim 8 above 
further characterized by: maintaining the last pre- 
vious AGC level (RAM) for resuming AGControl 
when the signal is expected to resume. 

11. In a TDMA cellular-type system, a method 
as claimed in Claim 1 above wherein the signal 
strength (AGC level) of an adjacent cell (time slot) 
can be determined and evaluated to facilitate hand- 
off determinations. 

12. In a cellular-type system, a method as 
claimed in Claim 1 above wherein signal strength 
(gain determination) is reported to the transmitting 
station by the receiver to facilitate hand-off deter- 
minations. 

13. A method of handoff in a TDMA cellular- 



type transmission system characterized by: 
detecting (Fig. 4: AVG PWR) the level of a re- 
ceived and AGC'd discontinuous signal, 
comparing (Fig. 4: REF) the level of the AGC'd 

5 signal relative to the dynamic range of the receiver, 
adjusting the AGC (Fig. 3) to establish a desired 
relationship between the AGC'd signal and the dy- 
namic range limitation, and *{ 
handing off the transmission when the AGC adjust- 

io ment crosses a certain threshold. 

14. A method as claimed in Claim 13 above, 
wherein detection is characterized by: sensing the 
power of the received and AGC'd signal (Fig. 4: 
AVG PWR). 

75 15. A method as claimed in Claim 14 above, 

wherein sensing is characterized by: digitizing 
(A/D) the signal and converting the digitized sam- 
ples to a power sample. 

16. A method of digital Automatic Gain Control 

20 (AGC) in a receiver having limited dynamic range 
characterized by: 

digitizing (A/D) a received and AGC'd signal and 
converting the digitized samples to a power sample 
to detect the level of the signal, 

25 comparing the level of the AGC'd signal relative to 
the dynamic range of the receiver, and 
adjusting (Fig. 3) the AGC to establish a desired 
relationship between the AGC'd "signal and the dy- 
namic range> limitation. 

30 17. A method of Automatic Gain Control (AGC) 

for discontinuous signals in a receiver having limit- 
ed dynamic range characterized by: 
digitizing (A/D) a received and AGC'd discontinu- 
ous signal and converting the digitized samples to 

35 a power sample to sense the power of and detect 
the level of the signal, 

comparing the level of the AGC'd signal relative to 
the dynamic range of the receiver; and 
coarsely-adjusting (Fig. 3) by either progressively 

40 attenuating the signal until it fails within the dy- 
namic range of the receiver or by progressively 
gain-amplifying the signal until it falls within the 
limited dynamic range of the receiver and finely- 
adjusting (Fig. 3) the AGC of the received signal 

45 until optimum use of the full (albeit limited) dy- 
namic range of the signal processing stages is 
about 6-12 dB below maximum to establish a de- 
sired relationship between the AGC'd signal and 
the dynamic range limitation. 

50 
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© There is provided a method of digital Automatic 
Gain Control (AGC) in a receiver having limited dy- 
namic range, particularly for discontinuous signals. 
The method is characterized by detecting the level 
of a received and AGC'd discontinuous signal, com- 
paring the level of the AGC'd signal relative to the 
dynamic range of the receiver, and adjusting the 
AGC to establish a desired relationship between the 
AGC'd signal and the dynamic range limitation. 
There is also provided a method of handoff in a 
TDMA cellular-type transmission system utilizing this 
method of AGControL 

The method for Automatic Gain Control (AGC) of 
discontinuous signals in a receiver having limited 
dynamic range is further characterized by: digitizing 



(A/D) a received and AGC'd discontinuous signal 
and converting the digitized samples to a power 
sample to sense the power of and detect the level of 
the signal, comparing the level of the AGC'd signal 
relative to the dynamic range of the receiver; and 
coarsely- adjusting by either progressively attenuat- 
ing the signal until it falls within the dynamic range 
of the receiver or by progressively gain- amplifying 
the signal until it falls within the limited dynamic 
range of the receiver and finely-adjusting the AGC of 
the received signal until optimum use of the full 
(albeit limited) dynamic range of the signal process- 
ing stages is about 6-12 dB below maximum to 
establish a desired relationship between the AGC'd 
signal and the dynamic range limitation. 
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